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Correlation effects in the 5p photoemission and dichroism of atomic Europium

M. MARTINS [a], K. GODEHUSEN [b], P. ZIMMERMANN[b], P. WERNET[c], B. SONNTAG[c]

[a]Freie Universitaet Berlin, Institut fur Experimentalphysik, Arnimallee 14, D-14195 Berlin, Germany
[b]Technische Universitaet Berlin, Institut fur Atomare und Analytische Physik, Hardenbergstrasse 36, D-10623

Berlin, Germany
[c] Universitaet Hamburg, II. Institut fur Experimentalphysik, Luruper Chaussee 149, D-22761 Hamburg,

Germany

     The 5p dichroism of atomic Europium has been investigated by photoemission experiments and Hartree-Fock
calculations.
     Free Europium is an excellent test case for electron correlations in complex open shell atoms. It is furthermore
very interesting due to its similarity to bulk Gadolinium. Recent photoemission experiments [1] show for the
direct 5p ionization a very complicate satellite structure with strong deviations from the expected simple 5p$^5$
4f$^7$ 6s$^2$ $^9$P$_9/2,7/2,5/2$ multiplet. A similar, but weaker effect is also reported by Verweyen et al for
the Eu 4f photoemission [2]. Verweyen et al have shown, that the corresponding 4f dichroism pattern can be well
described by a simple analytical model. But they also found a violation of the 3 parameter mode of
photoionization, when extracting phase informations from the normalized dichroism pattern. This violation is
attributed to strong correlation effects arising from configuration interaction.
     In the case of the 5p photoemission already the analytical model for the dichroism pattern fails. For this
extensive Hartree-Fock calculations have been carried out. Correlation effects have been included by configuration
interaction. It is shown, that the complicated photoemission signal and the unusual behavior of the dichroism
pattern are mainly due to very strong correlation between the 6s$^2$, 6s5d, 5d$^2$ and 6p$^2$ configurations.
Including these configuration interactions a good agreement with the experimental data is found.

[1] K. Godehusen et al, Phys. Rev. A 58, R3371 (1998)
[2] A. Verweyen et al, J. Phys. B 32, 4079 (1999)
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Time-resolved photoelectron spectroscopy of small metal cluster anions

N. PONTIUS, P.S. BECHTHOLD, M. NEEB, W. EBERHARDT

Forschungszentrum Juelich GmbH, IFF, 52425 Juelich, Germany

Pump-probe photoelectron spectroscopy has recently revealed ultrafast electron relaxation processes in small
metal clusters in contrast to nuclear dynamics which is usually observed in pump-probe experiments on small
molecules. Making use of the low electron affinity of small metal clusters we will demonstrate that negatively
charged clusters are well suited for two-photon photoemission spectrosocopy with femtosecond laser pulses in
order to study electron dynamics of metal clusters in real time. In particular, excited electronic states in transition
metal clusters like Pt3

-, Pd3
- and Pd7

- show lifetimes of about 100 femtoseconds. Such an ultrashort lifetime of
electronically excited states is attributed to inelastic electron scattering processes similar to those observed in bulk
metals [2,3]. Further experiments will focus on the dependence of the inelastic scattering lifetime as a function of
the size of the cluster and the influence by an adsorbate molecule attached to the cluster.

[1] N. Pontius, P.S. Bechthold, M. Neeb, W. Eberhardt, Phys. Rev. Lett. vol. 84, p.1132 (2000).
[2] T. Hertel, E. Knoesel, M. Wolf, G. Ertl, Phys. Rev. Lett. vol. 368, p. 76 (1996).
[3] U. H�fer, I.L. Shumay, Ch. Reu§, U. Thomann, W. Wallauer, Th. Fauster, Science vol. 277, p. 1480 (1997).

FIG: Time-resolved two-photon photoelectron spectra of Pd3
- using fs-pulses of 1.5 eV.
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An X-ray Photoemission Study of the Effect of �-Irradiation on Fluorinated Tl-1223 High Tc
Superconductors

N. M. HAMDAN AND M. FAIZ

Physics Department, King Fahd University of Petroleum and Minerals Dhahran 31261, Saudi Arabia

X-ray photoemission spectroscopy (XPS) has been used to investigate the effect of _-irradiation on  F 1s, Cu
2p3/2 and Sr 2p3/2  binding energies of fluorinated Tl-1223 superconductors. In a recent publication [1] we have

reported a detailed XPS investigation of the  unirradiated  samples in which we have identified the F sites. We
have also reported an enhancement of the critical current density of these samples through _-irradiation[2]. In this
work we try to explore the change in the electronic structure due to _-irradiation. The F 1 s peak of these material
started to disappear as _ dose was increased, indicating that _-irradiation creates vacancies in F and hence O sites
(as fluorine partially replaces O [1]). The Cu 2p3/2 satellite, that is typical of Cu2+ , disappears and a low energy
shoulder, that is a signature of Cu1+, develops as _ dose increases. Also the binding energy of Cu 2p3/2 was

decreased with increasing  _-irradiation, indicating a decrease in the average Cu valency. On the other hand, the
binding energy of  Sr 2p3/2 increases with increasing _ dose up to 30 Mrad and then decreases for the sample with

dose of 50 Mrad.  This also indicates a decrease in the hole concentration in the Cu-O planes of fluorinated
Tl-1223 because of removal of F/O from the Cu-O planes. As the irradiation dose is increased, additional F/O
could be removed from the Sr/Ba-O planes which, we believe, is the reason for the decrease in binding energy of Sr
2p3/2  for 50 Mrad dose. These results are also consistent with our previous finding that _-irradiation enhanced the

critical current density of these samples, through creating oxygen (and fluorine) vacancies that act as additional
pinning centers.

[1]  Faiz and N. M. Hamdan, J. Electron spectroscopy and Related Phenomena, in  press.
[2] Hamdan et al.,  Physica B, 284-8 (2000) 823-824, Hamdan et al.,  Physica C 282-287 (1997) 2273-2274.
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Fully multi-channel detection of reflection (e,2e) experiments

S. IACOBUCCI [a],  S. RIOUAL [a]*,  A. RUOCCO [b],  M. MASTROPIETRO [a],  G. STEFANI [b]

[a] CNR, Istituto Metodologie Avanzate Inorganiche-IMAI, P.O.Box. 10, 00016 -Monterotondo Stazione (Roma),
Italy

[b] Unit� INFM Roma Tre and Dip. Fisica Universit� Roma Tre, Via Vasca Navale 84, 00146 - Roma, Italy

     The (e,2e) technique can provide an exclusive information: the full spectral momentum density of bounded
electrons.  Yet it measures a five-fold differential cross section, thus resulting in long acquisition times. This
limitation becomes more severe when applying this spectroscopy to surfaces and it cannot be overcome by
increasing the flux of the primary beam, rather by using parallel acquisition, that increases by orders of magnitude
the overall efficiency of coincidence apparatuses.
     The implementation of fully multichannel detection on the reflection (e,2e) apparatus  used to perform the
pioneering momentum distribution experiment on surfaces [1] is described. By upgrading the apparatus with a
novel position sensitive detector (PSD) it is possible to resolve the azimuth angle of the slow ejected electrons,
hence to collect in parallel mode (e,2e) spectra that are fully differential in momentum.  Angle resolved (e,2e) data
on the ionization of the  valence band of highly oriented pyrolitic graphite show that a momentum resolution
better than 0.2 �-1 has been achieved without degrading the overall luminosity.  A second PSD has been mounted
on the exit of the fast scattered electron-analyzer, thus allowing parallel acquisition of  different energy channels
with a resolution that is ultimately determined by the associated electronics.  Preliminary results relative to the
newly implemented energy multichannel detector are also reported,  proving that the acquisition time can be
reduced by a factor of 10, while maintaining an energy resolution of the order of 1 eV.

[1] S. Rioual, S. Iacobucci, D. Neri, A. S. Kheifets, G. Stefani, Phys. Rev B 57 (1998) 2545

* Permanent Address: Lab. Coll. Electr. Et Atom., Universit� de Bretagne Occidentale, Brest (F)
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An Atom Specific Look at Chemical Bonding using X-ray Spectroscopies 

Anders Nilsson

Department of Physics, Uppsala University, Box 530, S-751 21 Uppsala, Sweden

In the present contribution I will demonstrate how X-ray absorption and emission spectroscopies can be used to
obtain unique informaton regarding electronic structure and its relation to chemical bonding. Two different areas
will be covered, adsorption of molecules on surfaces and hydrogen bonding in water.

When a molecule is adsorbed on a metal surface by chemical bonding  new electronic states are formed. The direct
observation and identification of these states has been an experimental challenge. Their signature is often obscured
by bulk substrate states. In the following contribution I will show how X-ray emission  in spite of its inherent
bulk sensitivity, can be used to investigate adsorbed molecules. Due to the localization of the core-excited
intermediate state, XE spectroscopy allows an atom specific separation of the valence electronic states.  Thus the
molecular contributions to the surface chemical bond can be separated from those of the substrate. Furthermore,
angle dependent measurements make it possible to determine the symmetry of the molecular states, i.e. the
separation of pi and sigma type states. In all we can obtain an atomic view of the electronic states involved in the
formation of the chemical bond to the surface.
Hydrogen bonding in water holds the key to the peculiar behaviour of liquid water and determines the chemistry
of biological and geological systems. Although several experimental techniques have been wideley used the
hydrogen bonding networks in water are still not well understood. Using X-ray absorption spectroscopy I will
demonstrate how we can learn about the changes in chemical bonding of water due to hydrogen bonding and how it
is related to the structure of the liquid phase. The combination of X-ray emission and photoelectron
spectroscopies provide a tool to study how the internal O sp hybridization is change due to hydrogen bonding in
ice. X-ray emission spectroscopy maps out the O2p contibution whereas high energy excited valence band
electron spectroscopy is sensitive to the O2s contribution.
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Spectral properties of 1D Peierls systems

M. GRIONI [a], L. PERFETTIÊ[a], J. VOIT [b], C. ROJAS [a], H. HOECHST [c], and
G. MARGARITONDO [a]

[a] Institut de Physique Appliquee, Ecole Polytechnique Federale, CH-1015 Lausanne, Switzerland
[b] Theoretische Physik 1, Universitaet Bayreuth, D-95440 Bayreuth, Germany

[c] Synchrotron Radiation Center, University of Wisconsin-Madison, Stoughton, WI 53589-3097, USA

Low-dimensional, strongly correlated materials are interesting model systems for testing fundamental concepts of
many body physics. Recently, high-resolution angle resolved photoemission (ARPES) experiments on
quasi-one-dimensional (1D) compounds have revealed some unexpected and complex properties. Dispersive 1D
bands and underlying Fermi surfaces are observed, but the spectral lineshapes are incompatible with the usual
Fermi liquid scenario, and apparently reflect the singular behavior of correlated electrons in 1D [1].
Temperature-dependent spectra bear clear fingerprints of transitions to ordered (e.g. CDW) insulating phases.
Remarkably, the extrapolated leading edges, and not the measured quasiparticle energies, yield the correct gap
values. We will use two typical 1D Peierls systems, (NbSe4)3I and (TaSe4)2I, to illustrate this peculiar 1D

phenomenology [2]. We will also discuss the spectral consequences of translational symmetry, namely the
appearance of shadow bands, and of the competition between coexisting incommensurate potentials.

[1] B. Dardel et al., Phys. Rev. Lett 67, 3144 (1991);  F. Zwick et al., Phys. Rev. Lett. 81, 2974 (1998).
[2] V. Vescoli et al., Phys. Rev. Lett. 84, 1272 (2000).
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Magnetic Dichroism in the Cr 2p Photoionization*

Ph. WERNET [a], J. SCHULZ [a], B. SONNTAG [a], M. MARTINS [b], K. GODEHUSEN [c], P.
ZIMMERMANN [c], C. BETHKE [d], F. U. HILLEBRECHT [d]

[a] II. Institut fuer Experimentalphysik, Universitaet Hamburg, D-22761 Hamburg, Germany
[b] Freie Universitaet Berlin, Institut fuer Experimentalphysik, Arnimallee 14,D-14195 Berlin, Germany

[c] Institut fuer Atomare und Analytische Physik, Technische Universitaet Berlin, D-10623 Berlin, Germany
[d] Institut fuer Angewandte Physik, Heinrich-Heine Universitaet Duesseldorf, D-40225 Duesseldorf, Germany

Investigating the linear magnetic dichroism in the 3p photoionization of oriented free Cr atoms and comparing the
results to those obtained from magnetically ordered thin layers, the strong influence of intraatomic effects on
dichroism could be demonstrated [1]. Stimulated by the success of these studies we extended our investigations to
the Cr 2p core level. Cr has very interesting magnetic properties ranging from the antiferromagnetism of the bulk
metal to the ferromagnetic order observed for thin films. The dichroism in the 2p spectra allows for a detailed
probing of the magnetic properties of 3d metal films and multilayer systems. In contrast to the 3p spectra the 2p
spectra are dominated by the 2p spin-orbit splitting. We used the intense, linearly polarized photon beam
provided by the HASYLAB BW3 undulator station to ionize the Cr 2p level (photon energy 700 eV). The free
atoms were prepared in an oriented ground state by pumping an optical transition with circularly polarized laser
radiation counterpropagating to the undulator beam. The kinetic energy of the photoelectrons was analyzed with
the aid of a high resolution Scienta SES-200 electron analyzer. The results on the Linear Magnetic Dichroism in the
Angular Distribution (LMDAD) in the 2p photoionization of laseroriented free Cr atoms are compared to the
LMDAD in the 2p photoionization of a magnetized surface layer of Cr on Fe (110). This comparison allows us to
disentangle the influence of interatomic and intraatomic interactions on the dichroic effect in the spectra of atoms
bound in thin films or solids. We conclude that for the interpretation of the spectra of bound 3d metal atoms,
atomic multiplet structure and satellite emission in the final ionic state have to be taken into account. One-electron
models therefore cannot be justified.  The results on free Cr atoms are compared to different theoretical
approaches (an angular momentum coupling model for innershell ionization and Hartree-Fock calculations).
Combining the results on the LMDAD with the Linear Dichroism (LD) in the 2p photoionization of laseraligned
free Cr atoms critical atomic parameters, e.g. matrix elements and phases, can be extracted providing for a sensitive
test of the atomic many-electron approach.

*Work supported by the Deutsche Forschungsgemeinschaft

[1] A. von dem Borne et al., Phys. Rev. Lett., vol. 78, p. 4019 (1997).
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Photofragmentation of Carbonyl Sulfide (OCS) following Photoexcitation near C 1s, O 1s and S 2p
Thresholds

L. T. N. DANG[a], I. DOMINGUEZ LOPEZ[a], G. OHRWALL[a,c], M. SANTÕ ANNA[b,d], C. CUNLIFF[a],
W. C. STOLTE[a,b], A. S. SCHLACHTER[b] and D. W. LINDLE[a]

[a] University of Nevada, Las Vegas, Dept. of Chemistry, NV 89154-4003, USA
[b] Advanced Light Source, Lawrence Berkeley National Laboratory, CA 94720, USA

[c] Center for X-ray Optics (CXRO), Lawrence Berkeley National Laboratory, CA 94720, USA
[d] CNPq, Brazil

The study of multiple-photoionization after an inner-shell electron is ejected has been of intense interest for many
years. In the present study we have examined the OCS molecule over the carbon and oxygen K-edge and the sulfur
L2,3 edges. The availability of intense photon beams allowed us to study very weak fragmentation processes,

resulting in high resolution measurements of up to 18 different fragment ions at each edge. Of particular interest
was the production of negative ions (C-, O-, S-), which can be the result of only a few selective decay channels.
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Surfaces of complex systems: amorphous materials and semiconductor nanoparticles

GIULIA GALLI [a], LAURENT PIZZAGALLI [a,*], ALESSANDRA CATELLANI [b]

[a] Lawrence Livermore National Laboratory, Livermore, CA 94551, USA.
[b] MASPEC, Parma, Italy.

(*) Present address: Universite de Poitiers, France.

The results of ab-initio simulations of the structural and dynamical properties of surfaces of complex
semiconductors will be presented. In particular, we will discuss computer experiments [1] in which samples of
amorphous silicon carbide and amorphous carbon were subjected to uniaxial strain until fracture occured and two
surfaces were formed. These simulations provided an unbiased way of generating models of amorphous
semiconductor surfaces.
Furthermore we will discuss recent results [2] on the influence of surface reconstructions and surface termination
on the structural stability  and electronic properties of germanium clusters. General considerations on the
importance of surface effects for the correct modeling of nanostructures will conclude the talk.

[1] G.Galli, A.Catellani and F.Gygi, Phys.Rev.Lett. 83, 2006 (1999); R.Haerle, G.Galli and A.Baldereschi, Appl.
Phys. Lett. 75, 1718 (1999).
[2] L.Pizzagalli, G.Galli abd J.Klepeis (in preparation).
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Cation and Anion Formation of CO2 in the Vicinity of the C 1s and O 1s Core Levels

G. OHRWALL[a,b], M. SANT'ANNA[a,b], W. C. STOLTE[a,b], I. DOMINGUEZ[a,b], L. DANG[b], R. C. C.
PERERA[a], and D. W. LINDLE[b]

[a]Lawrence Berkeley National Laboratory, University of
California, Berkeley, CA 94720, USA [b]Dept. of Chemistry,

University of Nevada, Las Vegas, 4505 Maryland Parkway, Las Vegas,
NV 89154-4003, USA

Mass resolved partial ion yield photoabsorption spectra of CO2 have been recorded in the vicinity of the C 1s and

O 1s core thresholds. Both anion and cation spectra have been recorded. At the C 1s edge, Ruhl and Jochims [1]
have earlier observed a weak production of O- at the Pi* resonance, and our experiment corroborates their finding.
In the vicinity of the O 1s edge, both C- and O- fragments were observed, and the anion partial yield spectra reveal
several electronic states that have not been observed before. Spectra from several cationic fragments
which have not been observed before were also recorded, such as CO ++ and O2

+, in addition to spectra from
stronger previously observed fragments.

[1]E. Ruhl, H.-W.  Jochims, Z. Phys. Chemie, vol. 195, p. 137(1996).
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X-ray Scattering from Magnetic Surfaces and Buried Layers

Y.U. IDZERDA

Naval Research Laboratory, Washington, DC  USA

The successful realization of proposed magnetic/semiconductor, magnetic/insulator, and magnetic/metal structures
will rely on maintaining the electron spin characteristics as it traverses the constituent interfaces.  Therefore, the
ability to characterize, understand, and ultimately control the chemical, and magnetic structure of the interfacial
region remains as the critical issue to be surmounted.  X-ray magnetic circular dichroism (XMCD) and X-ray
resonant magnetic scattering (XRMS) have the demonstrated capability to separately determine magnetic and
chemical characteristics of an interface.  Data show that the interfacial chemical and magnetic roughness for both
the perpendicular and the in-plane roughness are different, but related and that different aspects of the magnetic
roughness control macroscopic magnetic material parameters.  Furthermore, by combining XRMS and XMCD
spectroscopy we can determine the chemical and magnetic distributions of each element at a multi-element (>2)
interface to identify new mechanisms for interface disruption of these complex interfaces.  As an example, data on
the capping of La0.7Sr0.3MnO3 (LSMO) layers shows that cation interdiffusion to be the source of poor
interfacial spin conductance for many capping materials.
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Dipolar Angular Distributions and Branching Ratio of Xenon $4d$ Photoelectrons in the Photon Energy
Range of 100-250 eV*

H. Wang [a,¤], G. Snell [b,c], O. Hemmers[a], B. Langer [d], M. M. Sant'Anna [c], N. Berrah [b], and D. W. Lindle
[a]

[a] Department of Chemistry, University of Nevada, Las Vegas, NV 89154
[b] Department of Physics, Western Michigan University, Kalamazoo, MI
49008 [c] Advanced Light Source, Lawrence Berkeley National Laboratory,

Berkeley, CA 94720 [d] Max-Born-Institut f�r Nichtlineare Optik und Kurzzeitphysik, 12489 Berlin, Germany

¤ Present address: MAX-Lab, Lund University, 221 00 Lund, Sweden

The Xe $4d$ photoionization process is one of the primary examples of photoionization processes to study
correlation effects and spin-orbit interactions. It has been intensively examined in a broad photon energy range,
and at specific photon energies a complete characterization of the $4d$ photoionization process was carried out,
i.e. all the dipole transition matrix elements of both spin-orbit components were determined using spin-resolved
electron spectroscopy and coincidence techniques. However, these results rely heavily on accurate partial cross
section, branching ratio and angular distribution data.

In this work, measurements of the angular distributions and branching ratios of the Xe $4d_{3/2}$ and
$4d_{5/2}$ photoelectrons were carried out in a wide photon energy range (100-250eV) near the Cooper with
both hemispherical and time-of-flight electron spectrometers at undulator beamlines of the Advanced Light Source.
Consistent results were obtained regardless the differences among our experimental techniques and data analysis.
The spin-orbit branching ratios show considerable deviation from the previous published measurements [1,2] in
the photon energy region of 190-200eV. Further more, for the first time, a non-negligible $\beta$ difference
between the two $4d$ components is observed and it changes dramatically in the vicinity of the Cooper minima.
The observed $\beta$ difference is a strong indication of relativistic effects. Future spin measurements and
relativistic calculations are called for in order to determine the nature of the spin-orbit interactions.

[1] A. Ausmees et al. Phys. Rev. A 51, 855 (1995)
[2] B. W. Yates et al. Phys. Rev. A 31, 1529 (1985)

* Work supported by NSF, DOE EPSCoR and DOE Chemical Sciences Division.
ALS is supported by DOE Material Science Division. M.M.S. would like to
acknowledge support from the CNPq, Brazil.
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Observation of Non-Dipolar Effects of Xenon $4d$ Photoelectrons in the Vicinity of Cooper Minimum*

H. Wang [a,¤], O. Hemmers [a], P. Focke [b], M. M. Sant'Anna [c,e], D. Lukic [c], M. Grush [c], W.C. Stolte, I.
Sellin [b] and D. Lindle [a]

[a] Department of Chemistry, University of Nevada, Las Vegas, NV 89154-4003 [b] Departmen of Physics,
University of Tennessee, Knoxville, TN 37996 [c] Advanced Light Source, LBNL, Berkeley, CA 94720 [d]

CNPq, Brazil

¤ Present address: MAX-Lab, Lund University, 221 00 Lund, Sweden

The breakdowns in dipole approximation (DA) were first observed 30 years ago in soft-x-rays photon energy
regime (below 5 KeV), and recent atomic gas phase studies show that there are considerable non-dipolar angular
distribution effects even in the energy region below 1 KeV. For atomic systems, so far non-dipolar studies have
been limited to a few n$s$ and n$p$ subshells in rare gases. Another one of the not-much-explored aspects is the
study of the breakdown of the DA in the regions where dipole cross sections change dramatically. The vicinity of
Cooper minimum serves an interesting candidate of such studies because the dipole matrix elements go through
zero as they change the sign. Because of their multiplicity of partial waves with a higher-$l$ state, Xe $4d$
angular distributions have been intensively studied for electronÐelectron correlation effects and spin-orbit
interactions. Although the non-dipolar geometry were actually used in some of the previous Xe $4d$ dipolar
parameter measurements [1, 2], the high-order contamination are not all unambiguous due to the drastic change of
the $\beta$ parameter near the Cooper minimum as well as the combined uncertainties from different
measurements. Thus a setup for spontaneous dipolar and non-dipolar measurements is needed in order to
disentangle the high order interactions from the dipolar ones.

In this work, measurements of angular distributions of the Xe $4d_{3/2}$ and $4d_{5/2}$ photoelectrons were
carried out in a wide photon energy range (100-250eV) near the Cooper minima with time-of-flight (TOF)
spectrometers [3] at the undulator beamline 8.0 of the Advanced Light Source (ALS). By comparing relative
partial cross sections obtained spontaneously at the non-dipolar and dipolar geometry, a set of substantial
non-dipolar parameter $\zeta$ values were observed in the vicinity of the Cooper minimum.

[1] S. Southworth et al. Phys. Rev. A, vol. 24, p.2257 (1981)
[2] D. W. Lindle et al. Phys. Rev. A, vol.37, p. 3808 (1988)
[3] O. Hemmers et al. Rev. Sci. Instrum., vol. 69, p. 3809 (1998)
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Electronic and Atomic Structure of Sn/Ge(111) and Sn/Si(111)

R.I.G. UHRBERG[a], H.M. ZHANG[a], T. BALASUBRAMANIAN[b]

[a]Department of Physics, Linkoping University, S-581 83 Linkoping, Sweden
[b]Max-lab, Lund University, Box 118, S-221 00 Lund, Sweden

The Sn/Ge(111) surface has attracted a lot of interest recently because of the sqrt3xsqrt3 to 3x3 transition that
occurs at low temperature [1]. The Sn/Si(111) surface has not been studied as much since no such transition has
been reported for this system.  We have performed detailed studies of both Sn/Ge(111) and Sn/Si(111) by PES and
LEED.  We find that both systems exhibit very similar electronic structures, but Sn/Si(111) fails to show any low
temperature phase transition down to 70 K, which was the lowest temperature in our study. However, in
similarity with Sn/Ge(111), the Sn 4d spectra from Sn/Si(111) show two major components and the angle resolved
valence band spectra show two surface state bands both at RT and 70 K. These features have been associated with
the 3x3 phase in the case of Sn/Ge(111) [2].  A puzzling difference is that Sn/Si(111) keeps its sqrt3xsqrt3
reconstruction also at the low temperature although it exhibits the electronic characteristics of a 3x3 phase. Based
on the electronic structure one can expect that also the Sn/Si(111) surface will show a phase transition but at a
significantly lower temperature compared to the Sn/Ge(111) surface. The Sn 4d core-level spectra show an
interesting difference between Sn/Ge(111) and Sn/Si(111) which will be discussed in terms of the two different
types of 3x3 phases that were recently reported for Sn/Ge(111) [3]. We also present a combined LEED and PES
study which will resolve an ongoing controversy about the Sn 4d line shape of the sqrt3xsqrt3 and 3x3 surfaces of
Sn/Ge(111).

[1] J.M. Carpinelli et al., Phys. Rev. Lett. 79, 2859 (1997)
[2] R.I.G. Uhrberg and T. Balasubramanian, Phys. Rev. Lett. 81, 2108 (1998)
[3] A.V. Melechko et al. Phys. Rev. B 61, 2235 (2000)
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Radiative and Relativistic Effects in the Decay of Highly-Excited States in Helium

T. W. GORCZYCA[a]

[a]Western Michigan University, Kalamzoo, MI 49008-5151

A recent experimental study[1] measured a significant fluorescence yield of the He(2lnl') photoexcited resonances,
showing major qualitative differences from non-relativistic predictions.  We present a further theoretical analysis
of these states, and perform R-matrix multichannel quantum defect theory calculations to extract fluorescence and
ionization cross sections, giving results in excellent agreement with new, higher-resolution measurements.  The
principal effect of the spin-orbit operator has been quantified as an oscillatory perturbation below threshold,
causing strong mixing between all seven 2lnl' J=1 resonance series, and redistribution of fluorescence and ionization
cross sections at regular intervals.  These results should be applicable for highly-excited states in general, whenever
there are multiple interacting Rydberg series, and emphasize that careful consideration of radiative and relativistic
effects is necessary to characterize threshold spectra

[1]J.-E. Rubensson, C. Sathe, S. Cramm, B. Kessler, S. Stranges, R. Richter, M. Alagia, and M. Coreno, Physical
Review Letters, vol. 83, p. 947 (1999).
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The use of Auger Photoelectron Coincidence Spectroscopy to Deconvolute the M$_45$N$_45$N$_45$
AES of Palladium*

C. A. CREAGH [a], S. M. THURGATE [a]

[a] Physics and Energy Studies, Murdoch University, South Street, Murdoch 6150, Western Australia

Palladium (Pd) has a complex Auger spectrum. It is difficult to fully describe the
M$_45$N$_45$N$_45$ Auger spectra of its surface atoms because of the many possible cascade processes
placing intensity in this energy region. Weightman et. al. [1] fitted the Auger peak as the sum of "atomic-like"
terms and we used this model as a starting point for our investigation. We compared Weightman's model to Auger
photoelectron coincidence spectroscopy (APECS) data and found intensity in the M$_45$N$_45$N$_45$
APECS spectra that could not be accounted for. APECS data differs from regular singles data because it is able to
separate the M$_4$N$_45$N$_45$ and M$_5$N$_45$N$_45$ components of the Auger peak completely. In
the singles data, these peaks and their associated backgrounds interfere making it difficult to assign intensities. By
applying Cini-Sawatzky theory to the convoluted one-electron density of states we created new model curves for
each component of the Auger peak. The experimental APECS data was then fitted using these components and the
final model was compared to a high resolution AES spectrum. There was a good fit between this model, the
APECS data and high resolution AES data. The model also provided evidence for an
M$_4$-M$_5$N$_45$-N$_45$N$_45$(N$_45$) Coster-Kronig process.

*Work supported by the Australian Research Council

[1] Weightman (1987). "Local lattice expansion around Pd impurities in Cu and its influence on the Pd density of
states: An extended x-ray-absorption fine-structure and Auger study." Physical Review B 36(17): 9098 -9105.
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Observation of the unoccupied electronic states of monolayer graphite by multi-photon photoelectron
spectroscopy

I. Kinoshita [a], D. Ino [b], Y. Matsumoto [b]

[a] Yokohama City Univ., Seto 22-2, Kanazawa-ku, Yokohama 236-0027, Japan
[b] The Graduate Univ. for Advanced Studies, Hayama, Kanagawa 240-0193, Japan

Although the unoccupied band structure of graphite has been the subject of extensive theoretical and experimental

studies, there remains a controversy about the location of the lowest unoccupied s* band, which has high electron
densities in the interlayer region. There are also great interests in the formation and the properties of a single layer
of graphite on transition metal surfaces in comparison with other carbide surfaces. In addition, probing the
difference of the electronic band structures of single- and multi-layered graphite provides useful information on
interlayer interactions. Multi-photon photoelectron spectroscopy of monolayer graphite on a Pt(111) surface was
measured for clarifying these points.
 The experiments were performed with a mode-locked Ti:Sapphire-seeded regenerative amplifier system.
Three-photon photoemission was measured with the second harmonics (2.95 eV, 140 fs) generated with a KDP
crystal. The energy distributions of photoelectrons were measured by a time-of-flight energy analyzer. A Pt(111)
sample was cleaned by Ar ion sputtering and repeated cycles of heating at 870 K in 1x10-7 Torr of oxygen and
flashing to 1100 K. The graphite layer on Pt(111) was prepared by the flashing the sample to 1100 K after
exposed to C2H4.
 On the clean Pt(111) surface three-photon photoemission from the occupied sp-derived surface state and the n=1
image-potential state have been observed. On the graphite covered Pt(111) surface three new peaks appeared in a
normal emission spectrum. The intensities of the three new peaks increase with the coverage of graphite while
those of surface and image-potential states decrease. The final electron energies of the three new peaks are 7.55 eV,
6.93 eV, and 6.19 eV with respect to the Fermi energy and increase with the polar angle of photoemission. Photon

energy depedence showed that the higher two peaks shifted with photon energy (DEkin=Dhn) and the lowest peak

shifted twice as much as the photon energy (DEkin=2Dhn). The peaks of 6.93 eV and 7.55 eV are assigned to the

n=1 and n=2 image-potential states on the graphite layer, respectively. The binding energies of 0.83 eV for n=1
and 0.21 eV for n=2 are derived with the work function of the graphite layer 4.81 eV. The third peak is tentatively
assigned to the unoccupied surface state which is located at 0.29 eV above the Fermi energy. The surface state is
thought to be originated from the occupied surface state of clean Pt(111) which shifted by the change of the work
function.
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X-ray photoelectron diffraction on silicon carbide and aluminium nitride epitaxial films: polytype
structure and polarity *

B. SCHROETER, A. WINKELMANN, W. RICHTER

Friedrich-Schiller-Universitaet Jena, Institut fuer Festkoerperphysik, Max-Wien-Platz 1,
D-07743 Jena, Germany

Angle-scanned X-ray photoelectron diffraction (XPD) is used to determine the polytype and polarity of silicon
carbide and aluminium nitride films grown by molecular beam epitaxy.
Silicon carbide can exist in various polytype structures differing in the Si-C stacking sequence along one direction,
e. g., cubic 3C, hexagonal 4H and 6H, rhombohedral 15R. These polytypes show different electronic and optical
properties. The growth of heterostructures and superlattices of different SiC polytypes is studied to get new
materials with adjutable bandgap and other interesting properties. Silicon carbide and aluminium nitride are polar
crystals with Si and C face or Al and N face, respectively, of the bulk-terminated surface.
We have shown for the first time that XPD is a suitable technique to determine the polytype of SiC films as well
as the polarity of AlN films. For high-energy photoelectrons excited by Mg or Al K radiation, the Si 2p as well as
the C 1s diffraction patterns are different for the various SiC polytypes and are dominated by their bulk structure.
Full-scan diffraction patterns and polar scans were measured on the most common polytypes and the polar faces
of SiC and AlN. These patterns can be used as fingerprints for the identification of the structure of unknown
single-crystalline films.
The diffraction patterns of the polytypes can be well described by single-scattering cluster calulations (SSC). Due
to the large escape depths of the considered photoelectrons and the size of the unit cells, a large cluster radius of
2.5 nm with some 5000 atoms is necessary to simulate the fine structure of the polytypes. Such big clusters are
difficult to handle in multiple-scattering cluster theory. We have investigated the influence of surface structures
and atomic stacking on the diffraction pattern. The differences between the Si 2p and the C 1s diffraction patterns
as well as between Al 2p and N 1s patterns measured on a given polytype are due to different elastic cross
sections.
Due to the good correspondence between experiment and theory it seems to be possible to predict the XPD
pattern of SiC and AlN films with any crystal structure by SSC. This is important for monitoring epitaxial growth
of the polytypes in molecular beam epitaxy and was applied on in situ grown heterostructures of silicon carbide
polytypes.

* This work is supported by the Deutsche Forschungsgemeinschaft (SFB 196).
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FRAGMENTATION OF KCl MOLECULES INDUCED BY PHOTOABSORPTION IN LOW ENERGY
REGION

V. PENNANEN, M. HUTTULA, H. AKSELA, E. NÍMMISTE AND S. AKSELA

Department of Physical Sciences, P.O.B 3000, FIN-90014 UNIVERSITY OF OULU, Finland, email:
marko.huttula@oulu.fi

The fragmentation of the evaporated KCl molecules was studied by using synchrotron radiation in low energy
region. Measurements were done at the beamline 52 in MAX Ð laboratory in Lund, Sweden. This beamline is
equipped with a normal incidence monochromator and uses radiation from a bending magnet.  The beamline
delivers reasonable photon intensity in the energy region of  5 to 30 eV. The use of these low energy photons
means that only the outermost molecular orbitals of KCl, formed from K 3p and 4s, and Cl 3s and 3p atomic
orbitals are affected. The measurements were performed using a time-of-flight ion mass spectrometer for recording
the total and partial ion yields as a function of photon energy and the ion mass spectra at selected photon energies.
The time-of-flight (TOF) spectrometer used in these measurements was Wiley-McLaren [1] type ion mass
spectrometer, build in the University of Oulu [2]. In addition to ion measurements also some electron spectra of
KCl were measured using the Scienta SES-100 hemispherical analyzer.

In the total yield spectrum of KCl some interesting peaks were seen. These peaks occur at photon energies 19.3,
21.2, 21.9 and 29.9 eV, and are due to the ionisation and excitation from the molecular valence orbitals followed by
possible molecular dissociation of monomers and dimers into Cl+-, K+-, KCl+- and K2Cl+-ions. In order to find out
the character of the processes corresponding these peaks, a number of TOF -spectra at various on- and
off-resonance energies, as well as partial yield spectra were recorded. Also some photoelectron spectra were
recorded at these energies.

The contribution of different ions at resonances is reported and the role of the molecular Auger effect to explain
the ion formation is discussed.

[1] W. C. Wiley and I. H. McLaren, Rev. Sci. Instrum. 26, (1955) 1150.
[2] J. Jauhiainen, S. Aksela and E. N�mmiste, Physica Scripta, Vol. 51, (1995) 549.
[3] For example: A. W. Potts, T. A. Williams and W. C. Price, F.R.S., Proc. Soc. Lond. A. 341, (1974) 147. J.
Berkowitz and W. A. Chupka, J. Chem. Phys.29, (1958) 653.
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Soft x-ray fluorescence and photoemission study of ion beam mixed ferromagnetic Co/Pt multilayered
films

G. S. Chang[a], S. H. Kim[a], K. H. Chae[a], E. Z. Kurmaev[b], A. Moewes[c], Y. P. Lee[d], C. N. Whang[a]

[a] Atomic-scale Surface Science Research Center and Institute of Physics & Applied Physics, Yonsei University,
Seoul 120-749, Korea

[b] Institute of Metal Physics, Russian Academy of Science-Ural Division, 620219 Yekaterinburg GSP-170,
Russia

[c] CAMD, Louisiana State University, 6980 Jefferson Highway, Baton Rouge, Louisiana 70806, USA
[d] Department of Physics, Hanyang University, Seoul 133-791, Korea

An ion beam mixing of ferromagnetic Co/Pt multilayered films, which are known as  the perspective material for
new generation of data-storage devices [1], was carried out for the purpose of enhancing their magnetic and
magneto-optical properties, and the electronic structures and physical properties were investigated. For this
study, [Pt(4.5nm)/Co(3.5nm)]x8 multilayered films were, first of all, prepared on Si(100) substrates by alternating
electron-beam evaporation, and then were ion beam mixed with 80 keV Ar ions in a high vacuum. The electronic
structures of the samples were studied by using soft x-ray fluorescence (SXF) and synchrotron-radiation
photoemission spectroscopy (PES), and the magnetic moments were measured by magnetic circular dichroism
(MCD). In addition, x-ray diffraction and cross-sectional transmission electron microscopy (TEM) were
employed to confirm the atomic structures before and after ion beam mixing. The experimental results from SXF
and PES measurements show that ion beam mixing process changes the spin-hybridization between Co 3d and Pt
5d electrons and the exchange interaction, which are strongly correlated with magnetic behaviors of ferromagnetic
thin films. This behavior has a good agreement with a significant enhancement in the magnetic moment after the ion
beam mixing with respect to those of the unmixed Co/Pt multilayered films and even a stable equiatomic CoPt
alloy, confirmed by MCD.

* Work supported by the Korea Science and Engineering Foundation.

[1] D. Weller, H. Brandle, G. Gorman, C.-J. Lin, H. Notarys, Appl. Phys. Lett., vol. 61, p. 2726 (1992).
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Spin-resolved APS for K-, L- and M-line emissions of Ni*

J. Fujii, Y. Suzuki, T. Sakai, T. Mizoguchi

Faculty of Science, Gakushuin University, Toshima-ku, Tokyo, 171-8588, Japan

Appearance potential spectroscopy (APS) spectra are measured near 1s, 2p and 3p core electron excitation
energies for ferromagnetic Ni with spin polarized electrons. Spin resolved spectra for Ni 2p$_3/2$ were explained
by a one electron approximation with parameterized Auger matrix elements[1]. Though the aspects of spin
integrated spectra for 2p$_1/2$ are very similar to that for 2p$_3/2$, our spin resolved spectra can not be
explained by the above approximation. The spectra for 1s do not show a clear appearance potential and only slight
primary electron spin dependence were obtained near 1s electron excitation threshold energy. The approximation
involves only unoccupied density of states. The results of 2p$_1/2$ and 1s indicate the importance of the role of a
core hole for the APS spectra. The spectra for 3p show an entirely different aspect from those for 2p. This may
be caused by the many body effect for which the soft x-ray emission intensity is resonantly enhanced (i.e.
resonant inverse photoemission)[2]. The variation of the spin dependent intensity for 3p APS suggests the
existence of 3d$^8$ configuration in the ground state of Ni.

*This work is partly supported by Grant-in-Aid for Scientific Research from the Ministry of Education, Science,
Sports and Culture.

[1] K. Ertl, M. Vonbannk, V. Dose, J. Noffke, Solid State Commun., vol. 88, p. 557
(1993).
[2] A. Tanaka, T. Jo, J. Phys. Soc. Jpn, vol. 66, p. 1591 (1997).
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Obserrvation of a quasi-1D Mott-Hubbard insulator: The re-entrant Na/Si(111)-3x1 surface

J.R. Ahn[a], J.W. Chung[a], D. Jeon[b], and B.D. Yu[c]

[a] Department of Physics, Pohang University of Science and Technology
[b] Department of Physics, Myong Ji University
[c] Department of Physics, University of Seoul

We report a case where electron-electron correlation interaction brought about by the adsorbates on a surface
drives a quasi one-dimensional(1D) band insulator into a Mott-Hubbard insulator without altering the surface
morphology. The system is a re-entrant Na/Si(111) surface (3x1-II) reported earlier[1]. It contains 2/3 monolayers
of Na adatoms, which is formed by adding extra Na atoms on the earlier 3x1 surface at 1/3 ML (3x1-I). We have
utilized several experimental tools including photoemission spectroscopy (PES) using synchrotron photons,
high-resolution electron-energy-loss spectroscopy(HREELS), and scanning tunneling microscopy(STM).

We first show that the 3x1-I is a band insulator with a band gap of about 1.2 eV. Our STM images then show that
the additional Na atoms on the 3x1-II surface form quasi 1D atomic chains on the 3x1-I surface. The 3x1-II surface
with well ordered 1D Na chains is found to be semiconducting characterized by a unique loss peak of 0.8 eV in our
HREELS data. The appearance of a surface state centered at 0.45 eV below Fermi energy turns out to form a flat
surface band (band width W<0.25 eV), which is another feature unique only to the 3x1-II surface.
All these data can be understood consistently when a  Mott-Hubbard insulator is invoked for the 3x1-II surface.
We thus estimate the effective intrasite Coulomb repulsion U*=0.8 eV for the surface. The obtained value of
U*/W=3.6 satisfies a Hubbard criterion (U/W>1.2) indicating that the surface is more likely a Mott-Hubbard
insulator. The results from our electronic-structure, total energy, and U* based on density functional theory
further support our conclusion for the 3x1-II surface.

* Work supported by the Korea Research Foundation Grant KRF-1999-015-DP0134.

[1] K.D. Lee and J.W. Chung, Phys. Rev. B57, R2034 (1998)
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Vibrational fine structure in C 1s x-ray photoemission of chemisorbed ethylene and acetylene on Ni(100)

R. DENECKE, R. NEUBAUER, C.WHELAN, H.-P. STEINRUECK

Institut fuer Theoretische und Physikalische Chemie, Universitaet Erlangen-Nuernberg, Egerlandstr. 3, 91058
Erlangen, Germany

Using high-intensity synchrotron radiation from MAX II in Lund we studied the adsorption of ethylene and
acetylene on Ni(100) by measuring C 1s photoemission spectra with high resolution. Upon molecular adsorption
at 95 K the C 1s spectra exhibit a single state with vibrational fine structure, similar to the system
C$_2$H$_4$/Rh(111) [1]. Using a fitting procedure we can determine the vibrational energy of the C-H stretch
mode for adsorbed ethylene to be about 350 meV. This value corresponds well to results from HREELS, which
convert to 375 meV for the same system [2]. Since the C-H stretch mode frequency determined by HREELS is
very similar for all hydrocarbons, the relative intensities of the vibrationally excited states (called S factor) are a
characteristic feature for a specific system. Comparing the results for ethylene and acetylene adsorption we can
visualize a change in S factor. We also find different vibrational energies for the two systems. This could serve as a
fingerprint for determining intermediate species, as for example, in the dehydrogenation reaction of ethylene on
Ni(100). This work was supported by EU TMR program (ERB FMGE CT980124), BMBF (05 SF8 WEA7), and
DAAD exchange program 313/S-PPP. We thank A. Nilsson for fruitful collaboration.

[1] J.N. Andersen, A. Beutler, S.L. Sorensen, R. Nyholm, B. Setlik, D. Heskett, Chem. Phys. Lett. 269 (1997)
371.
[2] F. Zaera, R.B. Hall, J. Phys, Chem. 91 (1987) 4318.
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Vibronic couplings in C 1s Photoabsorption Spectra of Acetylene, C$_2$H$_2$

N. KOSUGI[a], J. ADACHI[b], E. SHIGEMASA[a], A. YAGISHITA[b]

[a] Institute for Molecular Science, Okazaki 444-8585, Japan
[b] Institute of Material Structures Science, Tsukuba 305-0801, Japan

The angle-resolved photoion-yield spectra were measured in the inner-shell photoabsorption of a linear
polyatomic molecule, C2H2 (acetylene). The features observed are the same as reported[1], but the energy

resolution is significantly improved. Detailed discussion is possible on complicated vibronic couplings below the
ionization threshold. The 0-degree and 90-degree yields indicate final states with sigma and pi symmetries,
respectively. The 3p sigma-u and 3p pi-u Rydberg states are completely resolved in the same energy region. The
previous experiments could not resolve them, and the previous theoretical calculations predicted the 3p sigma-u
state near the 3s Rydberg state. The C1s->3p pi-u Rydberg transition shows no evidence for antisymmetric
stretching vibrations. This is the first to observe that the Rydberg state keeps gerade and ungerade symmetries,
without vibronic coupling related to dynamic core hole localization. On the other hand, complicated features are
observed in the 3s Rydberg region. The 3sigma-u* valence state is located in the 3s sigma-g Rydberg region with
no mixing between gerade and ungerade final states. The previous theoretical calculations result in a spurious
Rydberg-valence mixing between 3sigma-u* valence and 3p sigma-u Rydberg states. Furthermore, the 90-degree
ion yields were observed even in the 3sigma-u* and 3s sigma-g region, due to vibronic coupling through bending
vibration with pi symmetry.  This type of vibronic coupling is induced by the nearby C1s ->1pi-g* valence
excited state with strong Renner-Teller effects.

[1] J. Adachi, N. Kosugi, E. Shigemasa, A. Yagishita, Chem. Phys. Lett. 309 (1999) 427.
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Chemical State Information from the Near-Peak region of the X-Ray Photo-Electron Spectrum

J.E.Castle

University of Surrey, GU27XH, UK, and  A.M.Salvi  Universita' della Basilicata, 85100 Italy

Following the work of Tougaard [1] it is now generally accepted that that the contribution to the energy loss
background of a photoelectron peak arising from transport of electrons through the solid is very small at the
position of the peak.  Nevertheless, the sharp rise in background at the peak, as originally defined by Shirley [2] is
very real and
is probably the most easily recognised characteristic of the X-ray photoelectron spectrum. To undertake
quantification in XPS analysis it is normal to remove a background which is based on the original Shirley
algorithm, i.e. an integration of the peak lying above background using an integration constant which allows the
background to merge
with the experimental data at some point beyond the peak.  The merge point is usually chosen to be one or two
peak widths  beyond the peak centre on the low kinetic energy side of the peak.  At this point in the spectrum the
extrinsic loss, defined by Tougaard has become significant and varies with the thickness of any overlayer which
might be
present, including any surface contamination.   Thus the Shirley scattering parameter, as the constant of
integration has been called, contains a contribution from extrinsic losses and a contribution from the rise in
background at the peak, which for clarity we have referred to as the intrinsic loss [3].   Because the initial part of
the Tougaard background
is approximately linear it is possible to construct a synthetic background containing both contributions by adding
a tail of linear slope to a Shirley type background, represented as the integral of a Gaussian/Lorentzian peak.   By
this means the experimental data can be matched with a set of Guassian/Lorentzian peaks and their associated,
synthetic
backgrounds without any need for prior background subtraction.  This is the basis of a curve fitting program
developed by Proctor and known as GOOGLY [4].   We have used GOOGLY to fit peaks of many elements and
hence obtained a value for the intrinsic part of the background defining it by a parameter, kappa.  Kappa varies
systematically from one element to another and in particular increases to a maximum at the midpoint of the 3d
transition series.  This maximum corresponds to a maximum in the number of close spaced final state
configurations available following
photoexcitation.  The chemical state information arises from situations in which the number of final state
configurations depends on the compounds formed.  E.g. when aluminium reacts with a transition element to form
an aluminide, then the Al 2s peak gains an intrinsic loss background which is similar to that of the transition metal
[5]. In this and other cases,  photoexcitation of one element in a compound has resulted losses arising from shake
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Auger decay at the 1s-1np (n=3-5) resonances of Ne

A. KIVIM�KI, M. JURVANSUU, S. HEIN�SM�KI,  S. ALITALO, E. NÍMMISTE,  H. AKSELA, S.
AKSELA

Department of Physical Sciences, P.O. Box 3000, 90014 University of Oulu, Finland

The relocation of the beamline 51 as the undulator beamline I411 at the third-generation MAX II storage ring has
greatly extended the usable photon energy range for gas-phase studies. We have thus been able to measure the
resonant Auger spectra of neon following the excitations of 1s electrons to unoccupied 3p, 4p and 5p orbitals
(photon energy ca. 870 eV). Combined with a rotatable high-resolution SES-200 electron analyzer, total line
widths comparable to the lifetime widths of the core-excited states (250 meV [1]) were achieved in resonant Auger
lines. Such a high resolution reveals many details in the resonant Auger spectra that were not observed in previous
studies [2,3]. For example, fine structure due to the excited electron is partly resolved in the transitions to the
2p43p final states. In addition to the usual spectator or shake-up resonant Auger transitions, the 1s-3p
de-excitation spectrum shows features that cannot be explained in terms of such basic processes. A possible
explanation to the effect is discussed. Experimental results are also compared with the results of calculations
performed in the multiconfiguration Dirac-Fock (MCDF) approach.
Apart from measurements on the maxima of the resonances, decay spectra were also taken at both sides of the
1s-13p resonance with an 0.1-eV step. These measurements show that the intensity ratio between the spectator to
3p-4p shake-up transitions changes considerably as a function of excitation energy, in agreement with the results
of ref. [3]. This effect is due to electronic state-lifetime interference.

[1] M. Coreno, L. Avaldi, R. Camilloni, K. C. Prince, M. de Simone, J. Karvonen, R. Colle, S. Simonucci, Phys.
Rev. A, vol. 59, p. 2494 (1999).
[2] H. Aksela, S. Aksela, J. Tulkki, T. �berg, G. M. Bancroft, K. H. Tan, Phys. Rev. A, vol. 39, p. 3401 (1989).
[3] J.-E. Rubensson, M. Neeb, A. Bringer, M. Biermann, W. Eberhardt, Chem. Phys. Lett., vol. 257, p. 447
(1996).
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A Partial Reassignment of Valence Photoelectron Satellite Lines of Kr and Xe

S. ALITALO, A. KIVIM�KI, T. MATILA, H. AKSELA, and S. AKSELA

Department of Physical Sciences, P.O. Box 3000, FIN-90014 University of Oulu, Finland
email: Sanna.Alitalo@oulu.fi

The electronic states of rare gases in different electronic configurations are of special interest in atomic and
molecular physics since they are relatively simple and thus serve as tests for theoretical approaches. In addition to
optical spectroscopies, photoelectron spectroscopy is one of the most important methods when studying singly
ionized atoms. In the present report, photoelectron spectra of Kr and Xe, previously reported in [1,2], have been
remeasured with high resolution in the region of ns2np4nÕl (n=4 for Kr, n=5 for Xe) states.
For a theoretical interpretation of Kr correlation satellite lines, a CI calculation including the LSJ states from the
4s14p6 and 4s24p4(4d-md,5s-mÕs) configurations was carried out using the CowanÕs code.
The experiments were performed on the new undulator beamline I411 at the MAX-II storage ring at Lund,
Sweden. Measurements were made with very high photon energy resolution and ejected electrons were recorded
with a rotatable SES-200 hemispherical analyzer. The satellite lines in photoelectron spectra were identified by
comparing the Kr and Xe results to each other, to the designations given by Minnhagen et al. [3], Hansen et al. [4]
and Kikas et al.  [2], and to the results of CI calculations for Kr. Many discrepancies in the previous assignments
of the photoelectron satellite lines especially of Kr were found. A reassignment of these lines is given.

[1] S. Svensson, B. Eriksson, N. Martensson, G. Wendin, and U. Gelius, J. Electron Spectrosc. Relat. Phenom. 47,
p.327 (1988)
[2] A. Kikas, S. J. Osborne, A. Ausmees, S. Svensson, O.-P. Sairanen, and S. Aksela, Electron Spectrosc. Relat.
Phenom. 77, p. 241 (1996)
[3] L. Minnhagen, H. Strihed, and B. Petersson, Ark. Fys. 39, p. 471 (1969)
[4] J. Hansen and W. Persson, Phys. Scr. 36, p. 602 (1987)
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Electron correlation effects in Auger cascade of argon following 2p$^-1$4s excitations 

S.-M. HUTTULA [a], S. HEIN�SM�KI [a], H. AKSELA [a], J. TULKKI [b], A. KIVIM�KI [a], M.
JURVANSUU [a],  M. HUTTULA [a], S. AKSELA [a]

[a] Department of Physical Sciences, P.O.Box 3000, FIN-90014 University of Oulu, Finland
[b] Helsinki University of Technology, Lab. of Computational Engineering, P.O.Box 9400, FIN-02015 HUT,

Finland

Effects of intermediate coupling and configuration interaction on the partial transition rates, total decay widths and
the angular distribution parameters of the Ar resonant Auger  transitions 2p-14s to 2p63s-13p-14s and the second-step
Auger transitions 2p63s-13p-14s, 2P1/2,3/2 to 2p63s23p4 have been studied both theoretically and experimentally. This
work is an extension to a recent study of Ueda et al [1,2].
Partial and total transition rates and the angular distribution parameters for the resonant Auger and second-step
Auger transitions have been calculated using LS- and intermediate coupling (IC) schemes for the states involved in
the decay processes. The effect due to the mixing of the 2p63s3p54s and 2p63s23p34s3d configurations (CI) has also
been investigated using the multiconfiguration Dirac-Fock method. The energy splitting between the resonant Auger
final states 2p63s3p5(1P1)4s, 2P1/2, 3/2 is much smaller than the natural widths of these states and thus the lifetime
interference effect has to be taken into account in the calculations of the angular distribution parameters for the
second-step Auger transitions.
The resonant and the second-step Auger spectra of Ar were measured at the I411 undulator beamline at
Max-laboratory in Lund, Sweden. In order to determine the angular anisotropies of resonant Auger transitions a
rotatable SES-200 electron analyser was set at angles 0°, 54.7° and 90° with respect to the electric vector of the
incident light. High photon and electron energy resolution was achieved, which enables us to test the roles of IC and
CI in the resonant Auger step. Effects of interference on the angular anisotropy have also been tested by comparing
the results of two-step and one-step calculations with the experimental findings for the second-step Auger electron
spectrum.

[1] K. Ueda, Y. Shimizu, N.M. Kabachnik, I.P. Sazhina, R. Wehlitz, U. Becker, M. Kitajima, H. Tanaka, J.
Phys. B, vol. 32, p. L291 (1999)
[2] K. Ueda, Y. Shimizu, H. Chiba, Y. Sato, M. Kitajima, H. Tanaka, N.M. Kabachnik, Phys. Rev. Lett., vol 83,
P. 5463 (1999)
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Chemical Effects in the Resonant Inelastic X-Ray Scattering excited at the M$_5$ edge of Lanthanum in
different environments

C. Dallera [a], K.Giarda [a], G.Ghiringhelli [a], A.Tagliaferri [b], N.B. Brookes [b], and L.Braicovich [a]

[a] INFM - Politecnico di Milano, Piazza Leonardo da Vinci 32, 20 133 Milano, Italy
[b] European Synchrotron Radiation Facility, B. P. 220, F-38043 Grenoble C�dex, France

The interaction of 4f electrons with the delocalized conduction band is at the basis of many crucial phenomena in
rare earths and their compounds, and systems including  Lanthanum are particularly interesting because the 4f 0

occupancy of La makes the interpretation of the spectra more straightforward.
We performed resonant inelastic scattering experiments on La at beamline 12B at the ESRF (Grenoble) using the
AXES grating spectrometer [1]. The x-ray beam is produced by a helical undulator and monochromatized by a
dedicated monochromator [2]. Lanthanum was studied in three different environments: as simple metal, in the
oxide La2CuO4 and in ionic LaF3. X-ray emission was excited at several energies across the M5 edge of La (around

834 eV). The spectra present three main features: (i) an elastic peak, (ii) a peak due to the filling of the 3d5/2

core-hole by a 5p electron, (iii) a peak which we attribute to transition towards an excited final state |4f 1L>, where
L denotes a ligand hole (for LaF3 and La2CuO4) or a local charge transfer state 4f0- 4f1 (for the metal). This is in

agreement with what has been seen 3 in the case of LaAlO3.

The outgoing photon energy hnout of the three peaks increases with incoming photon energy hnin. Thus the energy

transferred to the system (hntransf = hnin - hnout) is constant at the exploited excitation energies. The peak due to 5p

- 3d deexcitation is found at hntransf around 19 eV for the three compounds, in agreement with previous literature4 .

The ligand hole charge transfer final state behaves differently in the three systems, both in terms of hntransf and of

intensity vs. hnin. The peak is found at a hntransf = 5.5 eV for La metal, 10.5 eV for La2CuO4 and 12 eV for LaF3.

We relate this difference to the chemical environment of La: the separation between ground state and excited final
state is larger in the ionic compound then in the metal due to larger electronegativity. Accordingly there is an

increase of hnin at which the loss resonates in La2CuO4 and LaF3 with respect to La metal: the energy required to

reach an intermediate state with a ligand hole is smallest in the metal, so that the resonance of the ligand-hole state

occurs when hnin is 2.5 eV above M5 threshold for metal and 5 eV above threshold for La2CuO4. LaF3 behaves

similarly to the cuprate up to hnin = 1.7 eV above M5 threshold, which is the highest exploited energy at present.

We stress that the described differencies are not seen in XAS spectra, that are almost identical for the 3
compounds

[1] C. Dallera, E. Puppin, A. Fasana, G. Trezzi, N. Incorvaia, L. Braicovich, N.B. Brookes, J.B. Goedkoop, Journal of
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A theoretical investigation of photoemission spectra from (GaAs)m(AlAs)n superlattices*

*T. STRASSER[a], C. SOLTERBECK[a], W. SCHATTKE[a], I. BARTOS[b], M. CUKR[b], P. JIRICEK[b], C.
S. FADLEY[c,d], M. A. VAN HOVE[d]

[a] Institut f�r Theoretische Physik und Astrophysik, Christian-Albrechts-Universit�t, Kiel, Germany
[b] Institute of Physics, Academy of Sciences of the Czech Republic, Prague,Czech Republic

[c] Lawrence Berkeley National Laboratory, University of California Berkeley, USA
[d] Department of Physics, University of California Davis, USA

Superlattices, formed by ultrathin layers of different semiconductor materials, are widely recognized for their
unique electronic and optical properties. These superlattices cannot be treated as being composed of layers with
their individual band structures. On the contrary, the electronic properties are determined by the superlattice as a
whole. The larger periodicity perpendicular to the surface changes the symmetry of the Brillouin zone. This
results in a back folding of the valence bands of the bulk material, which opens additional gaps at the edges of the
Brillouin zone. We present first theoretical photoemission spectra for(GaAs)m(AlAs)n superlattices in the (001)
orientation. The spectra are calculated in the one-step model, explicitly including the sequence of semiconductors
in the initial states as well as in the final states and in the matrix elements. The intial states are represented by the
half-space Green's function, given in a layer-resolved combination of atomic orbitals. The final state of
photoemission which is a time reversed LEED state is determined in two ways, by calculation of scattering states
including a realistic surface potential and by matching. The transition-matrix elements are numerically integrated in
real space. The theoretical spectra in normal emission for an unreconstructed (GaAs)2(AlAs)2 surface show
dispersing structures which can be traced back to direct transitions. For exitation energies around 33 eV, these
emissions indicate a gap caused by back folding of the valence bulk bands. Besides direct transitions, the spectra
are analysed in the sense of layer and orbital resolved density of states and matrix elements. Particularly, the layer
resolved photocurrent permits to distinguish between contributions from the GaAs and the AlAs layers. The
analysis is completed by a comparison with spectra calculated for the constituent homogenous GaAs and AlAs
crystals. In addition to (GaAs)2(AlAs)2, theoretical spectra with more than two layers of both semiconductors
are examined.

*Supported by the BMBF under Contract No. 05 SB8FKA7 and  TSR-075-97
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Refinement in the Analysis of Molecular Auger Electron Spectra: the L2,3VV Spectra of HCl and DCl

R. P�TTNER [a], V. PENNANEN [b], A. KIVIM�KI [b], H. AKSELA [b], M. JURVANSUU [b], S.
ALITALO [b], E. NÍMMISTE [c], S. AKSELA [b]

[a] Freie Universitaet Berlin, Fachbereich Physic, Arnimallee 14, 14195 Berlin, Germany
[b] Department of Physical Sciences, University of Oulu, P. O. Box 3000, FIN-90014 UNIVERSITY OF OULU,

Finland
[c] The Institute of Physics, Estonian Academy of Sciences, Riia 142, EE-2400 Tartu, Estonia

The electronic states with two holes in the outermost valence orbital are stable in the hydrogen halides HCl, HBr
and HI. Vibrational fine structure can therefore be observed in Auger transitions to such final states from the Cl
2p, Br 3d and I 4d core-hole states. The Auger spectra are further complicated by the spin-orbit and ligand-field
splittings of the core-hole states. Since the ligand-field splitting of the core-hole states is of the same order of
magnitude as the lifetime broadening of these states, interference effects between the excitation (photoionization)
and de-excitation (Auger) process have to be taken into account.

Recently, P�ttner et al. [1] performed a detailed analysis of the M4,5VV Auger electron spectra of HBr and

DBr, where spin-orbit and ligand-field splitting as well as vibrational interference were properly taken into
account for the first time, leading to a much deeper insight into the potential-energy surfaces of the states
involved.

In the present study, we carried out a similar evaluation of the L2,3VV normal Auger spectra of HCl and

DCl. For that purpose high-resolution, high-statistics Auger spectra of both HCl and DCl were measured at three
photon energies using the new undulator beamline I411 at MAX II storage ring in Lund, Sweden. The Auger
spectra were fitted simultaneously with the 2p photoelectron spectra, taken at the same photon energies. From
the fit the vibrational energies, __, the anharmonicities, x__, and the equilibrium distances, r, of the potential
energy curves of the final states were derived assuming Morse potentials for these states. Agreement between the
experimental spectra and the fitted results for both HCl and DCl is very satisfactory.

[1] R. P�ttner, Y. F. Hu, G. M. Bancroft, H. Aksela, E. N�mmiste, J. Karvonen, A. Kivim�ki, S. Aksela, Phys.
Rev. A, vol. 59, p. 4438 (1999).
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Modification for extending the real space range in the holographic atomic imaging experiments*

SHIHONG XU[a], H.S. WU[b], M. KEEFFE[a], Y. YANG[a], H. CRUGUEL[a], G.J. LAPEYRE[a]

[a]Physics Department, Montana State University
[b]Physics Department, Hong Kong University

Typically photoelectron holographic imaging (PHI) only produces atomic images for nearest and usually
next-nearest-neighbor atoms to the photo-emitter [1].  A new method--the derivative transform--is presented
which generally yields third and sometimes fourth nearest-neighbor atoms.  As a result the assignments of atomic
species to the peaks in the experimentally obtained image are facilitated.  The method is exemplified by
experiments for several adsorbate system SI; e.g. C2H4 on Si(100) [1] and As on Si(111).  A theoretical model is
given which shows why the method produces better results.  The model uses atomic orbitals to describe the
photo-emission intensities.

[1] S.H. Xu, M. Keeffe, et al., Phys. Rev. Lett. 84, 939 (2000).

*Research supported by ONR DEPSCoR and NSF.
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Valence Excitations Observed in Resonant Soft X-Ray Emission Spectra of K$_2$Ni(CN) $_4$H$_2$O at
the Ni 2p Edge

Y. TAKATA[a], T. HATSUI[a], N. KOSUGI[a], A. AGUI[b], M. MAGNUSON[b], C. SATHE[b], J.-E.
RUBENSSON[b], J. NORDGREN[b]

[a] Institute for Molecular Science, Myodaiji, Okazaki 444-8585, Japan
[b] Department of Physics, Uppsala University, Box 530, S-75121 Uppsala, Sweden

     Resonant soft X-ray emission to the valence region following the Ni 2p photoabsorption was measured for a
powder sample of planar (D4h) Ni$^2+$ complex with low-spin 3d$^8$ configuration, K$_2$Ni(CN)
$_4$H$_2$O. In the photoabsorption,  remarkably strong satellite bands were reported in addition to the lowest
Ni 2p-3d* atomic lines[1]. Two features in the satellite show different polarization dependencies, and are assigned
to the metal-to-ligand charge transfer (MLCT) transitions to out-of-plane e$_g$ pi* and in-plane b$_2g$ pi*
ligand orbitals, respectively, in good agreement with  relaxed Hartree-Fock based static exchange approach, ab
initio configuration interaction approach (CI), and density functional theory within a transition potential
approach[2].  The low-lying ligand pi* orbital is essential in the metal 2p photoabsorption of 3d transition metal
compounds with strong pi backbonding.  The CI results indicate that the 3d electron correlation and
sigma-donation effects are not important in the case of strong covalency hybridization of the ligand pi* orbitals
with the occupied 3d orbitals.
     These one-electron or excitonic features were discussed in the resonant Ni valence (3d) and core (3p and 3s)
photoelectron spectra measured at the Ni 2p edge, where a number of satellite series become strongly observable
via the resonant excitations and each satellite lowers its kinetic energy.  The resonant photoelectrons are emitted
between the excitons bound by the singly and doubly charged states in the intermediate and final states,
respectively.  Therefore, the resonant photoelectron behaviors are heavily dependent on electronic states in Ni
compounds such as metallic, oxide, and molecular complex systems[4]. On the other hand,in the present work, the
resonant soft X-ray emission is given between the excitons bound by the singly charged states both in the
intermediate and final states.  We found several singly excited valence states, not only  intra-Ni excitations but also
ligand excitations.  Soft X-ray emission only following the lowest Ni 2p-3d* excitation indicates an evidence for
intra-Ni electron correlation.

[1] T. Hatsui, Y. Takata, N. Kosugi, Chem. Phys. Lett. 284 (1998) 320.
[2] L.G.M. Pettersson, T. Hatsui, N. Kosugi, Chem. Phys. Lett. 311 (1999) 299.
[3] Y. Takata, M. Nakamura, N. Kosugi, Chem. Phys. Lett. 287 (1998)35.
[4] Y. Takata, T. Hatsui, N. Kosugi, J. Electron Spectrosc. 101-103 (1999) 443.
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Interplay Between Orbital And Magnetic Long Range Order By Resonant X-Ray Scattering

L. PAOLASINI [a], C. VETTIER [a,b], F. De BERGEVIN [a], A.SOLLIER [a], W.
NEUBECK [a] F. YAKHOU, P.A. METCALF [c], J.M. HONIG [c].

[a] European Synchrotron Radiation Facility, BP 220, 38043 Grenoble Cedex 9, France
[b] Institut Laue Langevin, BP 440, 38043 Grenoble Cedex 9, France

[c] Department of Chemistry, Purdue University, West Lafayette, Indiana 47907, USA

The influence of orbital ordering on the electric and magnetic properties of strongly correlated 3d transition metal
systems has attracted significant theoretical and experimental interest since the early 1960s. But it is only in the
last few years, after the discovery of colossal magnetoresistance in perovskite-type manganites, that the physical
phenomena related to charge, spin and orbital degrees of freedom have been recognized as a central issue in a broad
range of materials, so much as to become one of the most popular topics in hard condensed matter physics. An
important step forward in this field is represented by the very recent observation that resonant X-ray scattering
may provide an accurate and direct experimental method to observe the long-range order for orbital occupancy.
The orbital degeneracy is commonly lifted by the crystal field and/or by Jahn-Teller distortion, however, there are
systems like V$_2$O$_3$ where one can infer the existence and structure of orbital order only by the knowledge
of the magnetic structure, which depends strongly on the occupied orbitals. The experiments were carried out at
the ID20-ESRF beamline on a Cr-doped V$_2$O$_3$ single crystal. The orbital Bragg peaks appear at the N�el
temperature (T$_N$=180K) at the forbidden antiferromagnetic and charge reflections, and can be observed only
when tuning the incident photon energy to the pre-edge of Vanadium K-photoabsorption. This resonance involves
a transition from 1s core levels to 3d electronic states via weak quadrupolar transitions. Crucial in these studies
was the observation of a peculiar dependence of the diffracted intensity on the azimuthal rotation angle around the
orbital scattering vector. Moreover, from the analysis of the complex angular dependence of scattered polarized
photons the spatial symmetries of ordered orbitals can be calculated.
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Two-Color Photoemission by Time-Correlated Laser and Synchrotron Pulses* 

R.L. WEBER [a], D. POP [a], B. WINTER [a], T. GIESSEL [a], N. BOWERING [a], M.T. WICK [a],
B. LANGER [a], J. GATZKE [a], I.V. HERTEL [a], W. BRAUN [b]

[a] Max-Born-Institut fur Nichtlineare Optik und Kurzzeitspektroskopie (MBI)
Max-Born-Str. 2A, D-12489 Berlin, Germany

[b] Berliner Elektronenspeicherring-Gesellschaft fur Synchrotronstrahlung mbH (BESSY) Albert-Einstein-Str. 15,
D-12489 Berlin, Germany

Laser-based pump-probe techniques have been widely applied to study the various aspects of the dynamics of
valence electrons. Comparable dynamical studies involving inner-shell electrons, however, are scarce since
ultrashort photon pulses in the XUV and X-ray range are far more difficult to obtain. At such a high photon
energy, particularly in combination with high-intensity laser pulses, two-color two-photon photoemission
(2C-2PPE) would, for instance, allow to probe core level binding energies in the presence of some laser-induced
transient modification. An example would be the transient optical isomerization and the resulting change of the
dipole moment in large molecules. More generally, with this new technique the change of a given core level energy
may be followed in real time as the system undergoes a structural change (dynamical ESCA). But even without a
geometrical change, the effect of transiently excited valence electrons on the electronic screening dynamics and
hence on the inner-core binding energies would be of great fundamental interest.
A user facility dedicated to time-resolved 2C-2PPE by combining laser and synchrotron photons is now becoming
available at BESSY II. The MBI undulator beamline uses one plane mirror and three toroidal spherical gratings in
order to cover the 15 to 350 eV photon energy range. Presently, laser photons near 1.6 eV and 3.2 eV are delivered
from a 80 MHz Ti:sapphire laser system. Phase and frequency locking of the pulses is achieved by electronic
high-frequency mixing and active control of the laser cavity. The time delay between the laser and the synchrotron
pulses is adjusted either by an optical delay line or electronically. For multi bunch (500 MHz), which at present is
the standard mode of operation at BESSY II, the sixth laser harmonic (precisely 83.333 MHz) is locked to the
synchrotron master clock. A multi purpose surface apparatus equipped with a rotatable hemispherical electron
energy analyzer and a number of standard surface analytic tools is available for users. The corresponding gas phase
setup is under construction.
We present the features of the MBI user facility together with the beamline's performance characteristics. In order
to demonstrate the high brilliance and the small focal size of the synchrotron light achieved at our beamline we
present for the very first time photoemission spectra from a liquid salt/water jet of 6 mm diameter in the 30 eV to
120 eV photon energy range [1]. We also discuss our current laser-pump/synchrotron-probe 2C-2PPE
experiments aimed to unravel the excited-state energetics and dynamics in some selected large organic molecules:
Parahexaphenyl with its potential application for organic light emitting diodes [2], and a phtalocyanine-based
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Surface Dynamics in Organic Films Studied by Time-Correlated Laser and Synchrotron Pulses 

D. POP [a], R.L. WEBER [a], N. KOCH [b,c], B. WINTER [a], W. FREYER [a], N. BOWERING [a], W.
BRAUN [d], G. LEISING [b,c], I.V. HERTEL [a]

[a] Max-Born-Institut fur Nichtlineare Optik und Kurzzeitspektroskopie (MBI), Max-Born-Str. 2A, D-12489,
Germany

[b] Institut fur Festkorperphysik, TU-Graz, Petersgasse 16, A-8010 Graz, Austria
[c] Institut fur Nanostrukturierte Materialen und Photonik, Joanneum Research, A-8160 Weiz, Austria

[d] Berliner Elektronenspeicherring-Gesellschaft fur Synchrotronstrahlung m.b.H., (BESSY), D-12489 Berlin,
Germany

We present experiments using time-correlated ultrashort laser and synchrotron pulses at BESSY II, a third
generation synchrotron in Berlin. The new MBI user facility is dedicated to study photon-induced processes in
adsorbate systems by time-resolved two-color two-photon photoemission (2C-2PPE). Our first experiments at
BESSY II were dedicated to study films of para-sexiphenyl (6P), a material of technological significance for organic
light emitting devices. The intense radiation of the undulator causes a loss of conjugation in 6P as evidenced by a
decrease in intensity of delocalized pi-orbital features in the photoemission spectra. Depending on the degree of
this effect surface charging was observed. We have analyzed the possibility to compensate the
synchrotron-induced surface charging by laser-pumping electrons into excited states. Using time-resolved 2C-PPE,
we will determine the absolute binding energies as well as the population dynamics of 6P molecules in the excited
states as these are important information for understanding and optimizing the light emission process.
Photoelectron spectroscopy using synchrotron radiation was also performed on films of a Cu-phtalocyanine based
system (synthesized at MBI). Our main interest here is to study the electronic structure and dynamical screening
effects as a function of the size of the extended pi-electron system in such complex molecules.
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Investigation of the SiO2/Si(111) interface by means of photoelectron diffraction

 S. DREINER[a], M. SCHUERMANN[a], C. WESTPHAL[b],  H. ZACHARIAS[a]

[a]Westfaelische Wilhelms-Universitaet, Physikalisches Institut, Wilhelm-Klemm-Str.10, 48149 Muenster,
Germany

[b]Universitaet Dortmund, Lehrstuhl fuer Exp. Physik I, Otto-Hahn-Str. 4,  44221 Dortmund, Germany

The interface of silicon oxide to silicon plays a crucial role in modern semiconductor technology. Due to the
advancing miniaturization of semiconductor devices (e.g. MOSFETs) the atomic structure at the interface becomes
increasingly important. From the scientific point of view, this interface stands as an example for a transition from
a well ordered crystalline structure to an amorphous overlayer. Photoelectron diffraction measurements of the
silicon 2p core level were performed to investigate the interface structure of the various oxidation states of silicon.
Ultrathin SiO2 films were thermally grown on Si(111). The Si 2p spectra were recorded with a photon energy of

155 eV and with high resolution (70meV) at the U-49/1-SGM beamline at BESSY II. The photoemission data
show the Si 2p signal and its four chemically shifted components, Si1+, Si2+, Si3+, and Si4+ [1].

In the present work we combine chemical state specificity of high-resolution photoemission with structure
sensitivity of photoelectron diffraction. Structural information is obtained by comparison of the experimental
photoelectron diffraction patterns with simulated multiple-scattering calculations [2] for model clusters of Six+. We
present experimental 2-pi photoelectron diffraction patterns for the various oxidation states of Si.  The patterns
differ in their symmetry as well as in their intensity distribution as a function of emission angle. This directly
shows the different atomic environment of different chemical shifted emitters. A chemical abrupt interface
consisting of silicon suboxides between silicon and SiO2 was proposed in previous investigations [3]. The simplest

model for the interface structure is obtained by joining a bulk-truncated Si lattice to pure SiO2, with all of the

dangling bonds from both sides stitched together. Since thermal oxidation is a local and random process, the
distribution of possible local bonding configurations is explained  by a statistical cross-linked model [3]. Each
oxidation state occurs in various bonding configurations. Thus the experimental data are compared with
superpositions of simulated patterns for possible model clusters. This allows us to explain main features of the
experimental patterns .

[1] F.J. Himpsel, F.R. McFeely, A. Taleb-Ibrahimi, J.A. Yamaoff, and G. Hollinger, Phys. Rev. B 38 (1988) 6084
[2] Y. Chen, and M.A. Van Hove, MSCD Package User Guide, Lawrence Berkeley National Laboratory (CA)
(http:\\electron.lbl.gov)
[3] D.-A. Luh, T. Miller, and T.-C. Chiang, Phys. Rev. Lett. 79 (1997) 3014
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Single and Double Ionization Studies of SiF4 by Using Synchrotron Radiation and

Photoelectron-Photoion-Photoion Coincidence Spectroscopy (PEPIPICO)*

A. C. F. SANTOS, C. A. LUCAS, G. G. B. DE SOUZA

Instituto de Quimica, Universidade Federal do Rio de Janeiro, Rio de Janeiro, RJ, Brazil, 21949-900

The SiF4 molecule has received much attention because of its potential role as etching agent in chemical plasmas

[1]. It has been shown by photoelectron and mass spectroscopy [2],[3] , that resonances observed in core level
photoabsorption spectra of gaseous silicon molecules, are associated with a complex and rich pattern of electronic
relaxation processes that competes with direct dissociation into neutral fragments.In addition, Si 2{\it p} core
excitation in the SiF4 molecule favours multivalence excitation and ionization stressing the importance of spectator

transitions [4]. In this work, the total ion yield, photoelectron-photoion (PEPICO) and
photoelectron-photoion-photoion (PEPIPICO) spectra of SiF4 have been measured, using synchrotron radiation in

the  21.21 to 120 eV photon energy range. The measurements were performed at Brazilian National Synchrotron
Radiation Facility

*Work supported by CNPq, FAPERJ and Laboratoio Nacional de Luz Sincrotron (Brazil)

[1] K. Kuroki, D. Spence, M. A. Dillon, Jour. Electron. Spectr.Rel. Phen. vol., 70 (1994).
[2] G. G. B. de Souza, P. Morin and I. Nenner, J. Chem. Phys., vol. 83, 492 (1985).
[3] P. Morin, G. G. B. de Souza, I. Nenner, and P. Lablanquie, Phys. Rev. Lett., vol 56, 131, (1986).
[4] G. G. B. de Souza, P. Morin and I. Nenner, J. Chem. Phys.,vol. 90 (12), (1989).
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Angle-Resolved Photoemission Spectroscopy of Highly Overdoped Bi2212

Z. YUSOF[a], B.O. WELLS[a], T. VALLA[b], A. FEDOROV[b], P.D. JOHNSON[b], Q. LI[c], G.D. GU[d]
N. KOSHIZUKA[e], C. KENDZIORA[f], S. JIAN[g], and D.G. HINKS[f].

[a] Department of Physics, University of Connecticut, 2152 Hillside Road U-46, Storrs, CT 06269-3046
[b] Physics Department, Bldg. 510B, Brookhaven National Laboratory, Upton, NY 11973-5000

[c] Division of Materials Sciences, Brookhaven National Laboratory, Upton, NY 11973-5000
[d] School of Physics, University of New South Wales, P.O. Box 1, Kensington, New South Wales, Australia

2033
[e] Superconductivity Research laboratory, ISTEC, 10-13, Shinonome I-chrome, Koto-ku, Tokyo 135, Japan.

[f] Naval Research Laboratory, Washinton DC 20375
[g] Materials Sciences Division, Argonne National Laboratory, Argonne IL 60439

Experimental results on highly overdoped Bi2212 single crystals (Tc~55K) using a high resolution angle-resolved
photoemission spectroscopy (ARPES) are presented. This study focuses on two aspects of the data; the changes
with k in the overdoped sample alone and the changes at a given k between samples with different doping. In the
overdoped compounds the dispersion in the Gamma-Y direction shows little change above and below Tc, which is
different than what is seen in optimally and underdoped Bi2212. Near the M point, a relatively flat dispersion is
observed in the overdoped samples. The lineshapes for EDC's near M have some similarity with the lesser-doped
compounds, with a sharp peak at low binding energy and a broader, low intensity "hump" at a higher energy.
However, unlike the optimally-doped compound, it will be shown that sharp peak persists at temperatures above
the Tc of the overdoped crystal. We summarize the spectral differences between the overdoped samples versus
the more studied optimally and underdoped compounds and discuss the implications for overall understanding of
the cuprate materials.

Work supported in part by Dept. of Energy under contract number DE-AC02-98CH10886,
DE-FG02-00ER45801, and in part by the New Energy and Industrial Technology Development Organization.

8th International Conference on
Electronic Spectroscopy and Structure

Abstract #

Program#

368



858

Determination of the Phase Composition of Surface Layers in Porous Silicon by XPS and USXES
Technique

TEREKHOV V.A. [a], KASHKAROV V.M. [a], MANUKOVSKII E.Yu. [a], SHCHUKAREV A.V. [b],
DOMASHEVSKAYA E.P. [a]

[a] Department of Solid State Physics, Voronezh State University, 394693 Voronezh, Russia
[b] Mekhanobr-Analyt, St-Petersburg, Russia

Porous silicon (PS) is a new prospective material for micro- and optoelectronics since it reveals an intensive
photoluminescence (PL) in the visible spectral range. However, the applications of this material are restrained due
to the time instability of this luminescence. It can be connected with the change of composition for surface layers
as a result of interaction with air as well as with a possible outlet of hydrogen from the pores. Most of the authors
consider this effect as related to PS oxidation resulting in a shift of PS band and the change of its intensity.

X-ray photoelectron spectroscopy (XPS) and ultrasoft X-ray emission spectroscopy techniques have been
applied in this work for analysis of PS surface layer composition just after obtaining, exposure in the air and
low-temperature oxidation. Using decomposition of XPS spectra in the range of Si 2p-level different binding
energies have been obtained that correspond to different chemical states of silicon atoms in the surface layers of
PS.

Basing on USXES technique with the use of specially elaborated program the presence of different chemical of
silicon was determined by the energy spectra of valence electrons of PS represented by Si L2,3-band. The program
compiled spectrum from Si L2,3 spectra of different chemical standard samples and compared it with the
experimentally obtained spectrum of PS. Both methods of analysis allowed to detect the formation of very
low-oxidized silicon on the surface of PS which is never observed on the surface of single-crystalline Si.
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Photoelectron photoion coincidence study of organometallic complexes

TOMAS BAER, BALINT SZTARAY, and YUE LI
Department of Chemistry, University of North Carolina, Chapel Hill, NC 27599-3290

Photoelectron photoion coincidence (PEPICO) spectroscopy has been used to investigate the dissociation
dynamics of CpCo(CO)2, CpMn(CO)3, CpMnMnCp, and BrCo(CO)5 complexes, where Cp = cyclopentadienyl
(C5H5).  These studies were conducted over an energy range from the ionization energy of about 8 eV to 14 eV,
the limit of the discharge light source.  The molecules are important catalysts used in the synthesis of cyclic and
straight change hydrocarbons.  The PEPICO technique involves photoionization with dispersed vacuum uv
radiation generated by a hydrogen discharge lamp.  Electrons and ions are extracted in opposite directions by an
electric field of 20 V/cm.  Initially zero energy electrons are passed through a filter and provide the "start" for
measuring the ion time-of-flight (TOF).  Asymmetric TOF distributions are used to extract the dissociation rate
constants for CO or Cp loss reactions.  From these rates and the fitting of the breakdown diagram, metal-carbonyl
bond energies are measured.  These experiments will be continued at the Chemical Dynamics Beam line of the ALS
using a higher resolution and higher photon energies.
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Thickness dependence of electronic structure and magnetism of Fe/Rh(001) 

K. HAYASHI (a), M.SAWADA (a), A. HARASAWA (a), A. KIMURA (b), and A. KAKIZAKI (c)

(a) Institute for Solid State Physics, University of Tokyo, Chiba 277-8581, Japan
(b) Department of Physical Sciences, Hiroshima University, Hiroshima 739-8526, Japan

(c) Institute of Materials Structure Science, High Energy Accelerator Research Organization (KEK), Ibaraki
305-0801, Japan

The 1:1 charge-transfer organic salt DMTSA-BF4, where DMTSA is 2,3-dimethyltetraseleno-anthracene, have
attracted the interest of many researchers because of the high electrical conductivity and metallic physical
properties above ~150K[1].  So far, it has been considered that the 1:1 charge-transfer salt becomes a Mott
insulator due to the Coulomb interaction since the 1:1 charge-transfer salt has half-filled band.  The origin of the
metallic physical properties for DMTSA-BF4 is not clear at present.  In order to obtain the information on the
electronic structures such as the band structure, density of states, and the orbital characters, we have performed
the photoemission experiments for DMTSA-BF4.  As the size of needlelike shaped DMTSA-BF4 synthesized
by electrochemical reduction is not large enough to carry out the ordinary photoemission measurements, we used
the photoelectron spectromicroscopy instrument (FISONS, ESCALAB-220i-XL)[2].  The typical sample size

used here was less than 2´0.2´0.1mm3.  The clean surface was obtained by scraping the sample surface using an
edge of a razor.
From the wide range of the photon energy dependence of the photoionization cross-section, the atomic orbital
characters of the observed spectral features in valence band region are determined.  The features at ~1 eV, ~3 eV,
and ~6 eV are predominantly derived from Se 4p states.  The broad feature at ~8 eV is predominantly derived from
C 2p and F 2p states.  The features between 12 and 18 eV are predominantly from Se 4s and C 2s states.  In the
photoemission spectrum near the Fermi level the clear Fermi edge was not observed.  It is suggested that
DMTSA-BF4 has a pseudo-one-dimensional band structure [1].  No clear Fermi edge may reflect one-dimensional
electronic structure for DMTSA-BF4.  In addition, the Se 3d core-level photoemission spectrum for
DMTSA-BF4 is compared with that for DMTSA.  The Se 3d core-level photoemission spectrum for
DMTSA-BF4 showed the tail at the higher binding energy side as compared with that for DMTSA.  The
difference of the Se 3d core-level photoemission spectra between DMTSA-BF4 and DMTSA is probably due to
another chemical component by the different charge state.

[1] J. Dong, K. Yakushi, K. Takimiya and T. Otsubo, J. Phys. Soc. Jpn. 67(1998)971.
[2] T. Kinoshita, K. G. Nath, Y. Haruyama, M. Watanabe, S. Yagi, S. Kimura, and A. Fanelsa, J. Electron
Spectrosc. Relat. Phenom. 92(1998)165.
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A Combined Study of Photoelectron Specrtomicroscopy and Laser Annealing For Si(111) Surface

Yuichi HARUYAMA[a], Taichi OKUDA[b], Ayumi HARASAWA[b], Toyohiko KINOSHITA[b], Shin-ichiro
TANAKA[c], Hideo MAKINO[d], Katsuo WADA[d], and Shinji MATSUI[a]

[a]Labortory of Advanced Science and Technology for Industory, Himeji Institute of Technology, 3-1-2 Kouto,
Kamigori, Ako 678-1205, Japan

[b]Synchrotron Radiation Laboratory, Institute for Solid State Physics, University of Tokyo, Kashiwa 277-8581,
Japan

[c]Faculty of Science, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8602, Japan
[d]Silicon Technology LTD, 897-20 Kyowa, Mochizuki, Kitasaku-gun, Nagano 384-2204, Japan

The photoelectron spectromicroscopy is one of the attractive methods to investigate the electronic structure for
various materials because a lot of applied usages are possible as compared with the ordinary photoelectron
spectroscopy [1].  One of the advantages of the photoelectron spectromicroscopy is to measure the specific small
area of the sample.  Making the most of the advantage, we have performed the combined study of the
photoelectron spectromicroscopy and the laser annealing. A merit of the laser annealing is that it is possible to
anneal the specific small area of the sample by irradiating the focused laser light to the sample with less degassing
and without the heating unit in the vacuum.  In addition, the effect of the electric field used to keep the sample to
high temperature is not needed if we use the laser annealing.  Therefore, it is considered that the electronic
structure at high temperature can be easily measured.  As a typical example of the laser annealing, we have
investigated the electronic structure at high temperature for the Si (111) surface, which changes from 7x7 to 1x1
structure at ~830��C.  At room temperature, three surface states were
observed at ~0.2, ~0.8 and ~1.8 eV in UPS.  With increasing the annealing temperature, the surface state at ~0.8 eV
disappears.  The temperature dependence of the spectral features obtained in our measurements is essentially
identical to that previously obtained by Yokotsuka et al. [2].  The Si 2p core level photoemission spectra with
high energy resolution were also observed.  Using a curve fitting analysis, Si 2p core level photoemission spectra
were decomposed by a bulk and five surface components.  With increasing the temperature more than ~830��C,
the surface component at the lower binding energy, which originated from the rest atoms, retains constant.  This
result indicates that the surface period is changed without changing the local structure.  In the conference, we
discuss the temperature dependence and the
laser induced effect (Surface photovoltage).

[1] T. Kinoshita et al, J. Electron Spectrosc. Relat. Phenom. 92(1998)165
[2] T. Yokotsuka et al, Solid State Commun. 39(1991) 1001.
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Relation between Inelastic Scanning Tunneling Spectroscopy of adsorbates and  their vibrational
deexcitation: a theoretical study

N. MINGO[a], K. MAKOSHI[a], T. MII[b] and H. UEBA[b]
[a] Himeji Institute of Technology, Fac. of Science,  Kamigori, Ako-gun, Hyogo 678-1297, Japan

[b] Department of Electronics, Toyama University, Gofuku, Toyama 930-0887, Japan

We present a Green Functions formalism that allows to study the excitation and deexcitation of adsorbates under
STM operation, in a unified way [1,2]. With it, we have calculated  the spatially resoved Inelastic Tunneling
Spectroscopy image of acetylene molecules on a Cu(100) surface [2], in good agreement with experiments [3]. The
same formalism allows us to obtain the vibrational lifetimes of the adsorbates when they relax via electron-hole
pair mechanism. We find an approximate relation of proportionality between inelastic tunneling fraction due to a
given mode in STS and its inverse lifetime in most cases, however exceptions to this occur due to the many
orbital character of the tunneling process.
We have calculated both the 'IETS' and the 'vibrational lifetimes' for the concrete example of CO/Cu(100),
obtaining values in agreement with experimentally measured inelastic fractions [4] in IETS, and with previous
theoretical calculations of vibrational lifetimes [5]. The relation between the two phenomena is clarified.

[1] N.Mingo and K.Makoshi, Surf.Sci. 438 (1999) 261.
[2] N.Mingo and K.Makoshi, Phys.Rev.Lett. 84 (2000) 3694.
[3] B.C.Stipe, M.A.Rezaei and W.Ho, Science 280, 1732 (1998);     Phys.Rev.Lett.81(1998)1263.
[4] L.J.Lauhon and W.Ho, Phys.Rev.B 60 (1999) R8525.
[5] M.Head-Gordon and J.C.Tully, J.Chem.Phys. 96(5), p.3939, 1992.
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X-Ray Absorption Near Edge Structure Spectra at the K-Edge of Boron Atom in Sodium Borate Glasses
and Crystals

K. YAMAMOTO[a], J. TSUJI[b], K. KOJIMA[a], N. WADA[a], K. TANIGUCHI[b], S. IKEDA[c]

[a]Department of Chemistry, Faculty of Science and Engineering,Ritsumeikan University, Kusatsu, Shiga
525-8577, Japan

[b]Division of Electronics and Applied Physics, Osaka Electro-Communication University, 18-8 Hatsucho,
Neyagawa, Osaka 572-8530, Japan

[c]Research Organization of Science and Engineering, Ritsumeikan University, Kusatsu, Shiga 525-8557, Japan

Sodium borate glasses of the system xNa2O - (100-x)B2O3 (x = 5-35) have been prepared by melt quenching

method and x-ray absorption near edge structure (XANES) spectra at the boron K-edge in these glasses ,
amorphous B2O3 crystalline NaBO2 and Na2B4O7 have been measured using the total electron yield method over

the range of 180-230 eV with a compact synchrotron radiation source at Ritsumeikan University. Boron K-edge
XANES spectra have a prominent peak at 193 eV and some broad absorption bands in the range 195-210 eV.
These spectral features are very similar to those of glasses in the systems Na2O - B2O3- SiO2 and K2O - B2O3 -

SiO2[1]. The prominent peak at 193 eV is assigned to the transition of B1s to p*ë* in the sp2 hybridization and the

broad absorption bands are attributed to the transition of B1s to p*ù* in both sp2and sp3 hybridizations.
The center of the broad absorption bands shifts to lower energy side with increasing the Na2O content, which

means that the number of three-fold boron atom(B3) coordinated by three oxygen atoms decreases, but the number
of four-fold boron atom (B4) coordinated
tetrahedrally by four oxygen atoms increases. The XANES spectra are deconvoluted into the three components of
B3, B4, and multiple scattering resonance to obtain the existence ratio of B4 in the glasses. The B4ratio is in good
agreement with the reported values using 11B NMR[2] for the glasses with high Na2O content.

[1]M.E. Fleet and S. Muthupari, J. Non-Cryst.Solids, 255 (1999) 233.
[2]P.J. Bray, Proc. Second Int. Conf. on Borate Glasses, Crystals
and Melts (1996) p 1.
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Surface Electronic Structure of Lanthanide Metals from Soft X-Ray Emission

A.S.SHULAKOV[a], F.HUEBINGER[b], K.STARKE[b], G.KAINDL[b]

[a] Institute of Physics, Saint-Petersburg State University, Ulianovkaya str. 1, 198904, Saint-Petersburg, Russia
[b] Institut fur Experimentalphysik, Freie Universitaet Berlin, Arnimallee 14, D-14195 Berlin, Germany

We report on the separate observation of O3(5p3/2) soft X-ray emission (SXE) from bulk and top-layer surface

atoms of well-ordered La, Sm and Lu (0001) metal films - grown on W(110). Spectral intensity distribution of the
O3 SXE band reflects the s- and d-like valence density of states (sd-DOS). With the facilities of valence band
photoemission (PE) such information can in principle not be derived. To achieve surface sensitivity of usually
bulk-sensitive SXE we lowered the primary electron energy E0 from about 200 eV down to close above the 5p

ionization threshold of the respective lanthanide metals. With the reduction of E0 we expected to reduce the

core-hole creation depth leading to increasing relative contributions of SXE created at surface atoms, with respect
to SXE from bulk atoms. A suppression of satellite emission with decreasing E0 seems to be the most probable

reasons of spectral shape change - in addition to the change of surface SXE contribution. The experiments were
performed with a spectrometer providing an optical energy resolution of about 200 .. 600 meV (depending on
photon energy) and a base pressure in the experimental chamber in the low 10-11 mbar range [1]. Sample
preparation procedure was described in [2]. O3 SXE bands measured under relatively high E0 (200eV) could have

been safely assigned to SXE from bulk atoms. Positive differences (in spectral intensity) between the
200eV-spectra and the other spectra, recorded under lower E0, were associated to surface SXE and negative

difference to satellite emissions. It was found that all measured SXE spectra are precisely reproduced by a linear
combination of the 3 obtained subspectra. Noticeable satellite emission was just detected in the case of Sm O 3

SXE. The positions of the spectral intensity maximum of the surface spectra are shifted relative to the bulk ones
by +0.25 eV in La, -1.45 eV in Sm and +0.6 eV in Lu, in good correspondence with the 5p surface core-level shifts
(SCS) determined by PE. All surface SXE spectra are much narrower than the bulk emission: by ~35% in La and
Lu and by ~50% in Sm (FWHM) and they are unresembling with respect to the bulk spectra. The strong surface
effect in Sm SXE was explained as a consequence of the well-known Sm metal surface valence transition. Using 5p
SCS we combined surface and bulk sd-DOS into a common binding energy scale revealing that the bulk DOS
completely overlaps the surface DOS.
The present results demonstrate new opportunities in the study of the surface phenomena by the means of SXE
valence band spectroscopy.

[1] C. Lange, T. Mandel, C. Laubschat, G. Kaindl, J. Electron. Spectrosc.Relat. Phenom., vol.52, p.49 (1990).
[2] E. Weschke, G. Kaindl, J. Electron. Spectrosc. Relat. Phenom., vol.75, p.233 (1995).
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